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1. The organic acids have long been used in various opera-
tions of chemical analysis, but their direct application to the
decomposition of minerals, with a view to the determination
of the latter, appears to have been overlooked. Acetic acid
finds frequent employment in quantitative analysis; tartaric
and citric acids are used to hold ferric and aluminie hydrates
in solution in the presence of alkalies, to dissolve antimonic
oxide in mineral analysis and in blow-pipe tube reactions,"
and in the preparation of Fehling's copper solution; ammonium
citrate is used to dissolve so-called "reverted" calcium phos-
phate, and to separate lead sulphate from the sulphates of the
alkaline earths; oxalic acid is used to dissolve sulphide of tin
in the separation of this metal from antimony,t in volumetric
analysis, in the determination of the metals of the magnesium
* Prof E. J. Chapman, Canadian Journal, Sept., 1B65, p.348.
t Prof F. 'v. Clark, American Journal of Science, [2] XLTX, 48.
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group,*' in the valuation of manganese ores, and in many other
processes.
The behavior of minerals with the organic acids named
has been only casually studied, and in but few instances; T.
Sterry Hunt,t following Karsten, has made use of acetic acid
in the proximate analysis of mixtures of calcite, dolomite, and
magnesite, and in the separation of limestone and serpentine; f
J. Lawrence Smith§ has remarked the solubility of anglesite
in ammonium citrate; calamine is sometimes distinguished
from willemite by its gelatinizing with acetic acid; II and min-
eralogists often resort to the comparatively weak acetic acid
for the purpose of " cleaning up" minerals associated with the
easily soluble calcite. So far as we can learn, no systematic
examination of the action of organic acids on minerals has
previously been made; yet the field proves to be wide and
fertile.
During a mineralogical excursion in the summer of 1876,
among the rngged mountains of western North Carolina, the
impracticability of transporting liquid mineral acids suggested
to the writer an examination of the behavior of minerals with
solutions of citric and tartaric acid, which are capable of being
carried in the solid state. Subsequently a few preliminary
trials established the fact that our preconceived notions of
the weakness of organic acids as respects minerals were
erroneous, and led to the investigation recorded in the follow-
ing pages.
It became necessary at the very outset to collect a consid
erable number of minerals in a state of great purity and of
normal physical condition: om own small collection supplied
these in part, but we would have been embarrassed in this
research without the kind assistance of Prof. Thomas Egleston,
who generously placed the rich treasures of the School of
Mines' mineralogical collection at our disposal, and to whom
we tender our sincere thanks.
• W. Goold Levison, American Journal of Science. [2] L, ~40.
t American J ourunl of Science, [21 XXVIIl, 180, and xr,n, 64.
-t Geol. Canada, 1863, 609.
§ .American Journal of Science, [2] xx, ~44.
II Dana's System Min., 5th edition, P. 408.
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Since the hardness, coherence, and solubility of minerals
vary greatly in different specimens of a single species, the
behavior of minerals with acids, whether inorganic or organic,
depends in large measure upon the condition of the particular
sample under examination. An absolutely thorough investi-
gation, therefore, would embrace the reactions of several
specimens of each mineral; as desirable as this would seem to
be, it was found that on the whole so laborious an undertaking
was superfluous, and for two reasons; first, the decomposing
action of the acids on different samples of the same species
differs in degree and not in kind; and, secondly, the behavior
of different species nearly related is so similar that the obser-
vations made on each serve to mutually control.
2. The following list contains the names of the minerals
which were submitted to the action of organic acids, their
formulas as given by Prof. Dana, the condition of the speci-
mens, and the locality of each so far as could be ascertained.
Where two or more specimens of a single species are named,
they are numbered, for convenience of reference in subsequent
pages.
Within the groups I, Carbonates; II, Sulphides; III, Ox-
ides; IV, Sundries; V, Silicates, the minerals are given in
the order, and with the formulas, which they have in Dana's
System of Mineralogy.
1. CARBONATES.
(2).....
LOCALITY.DESCRIPTION.
fine-grained marble Italy.
transparent crystals ....•.Bergen, N. J.
coarse crystalline Westchester Co., N.Y.
{ fine granular, with } A lt N Yflakes 01'graphite, rm y, . •
massive, subtransl. ....•.Montville, N. J.
crystalline Nova Scotia.
massive Westchestcr, Pa,
compact., Piedmont.
massive Roxbury, Conn.
massive Dauphiny, France.
massive, pure Austin, Nev.
earthy, massive Sterling, N. J.
CaO
Mne
ZnC
FORMULA.
Rhodochrosite ...
Smithsonite.•....
MINERAL.
Calcite, (1) "
(2) .
Dolomite, (1).... . Ca ij + Mg U
Gurhofite ..•• . . .. 2Cae + lUge
Ankerite. . •.. . •• . b« 0+ (Mg Fe :Mn)C
Magnesite, (1).... lUg C
(2) ....
Siderite, (1) •••.• Fe C
(2) .....
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WitYlerite .
Strontianite .
Cerussite ...•....
Barytocalcite .
Malachite .
Azurite ......••.•
Bae
SrC
Pbe
BaC+CaC
Cu e+ eu iI
2CuC+CuH
granular, massive England.
granular , . .. .. Westphalia.
crystalline , Phrenixville, Pa.
massive and cryst Alston Jloof, Eng.
compact., . . . . . . . .• . .. . .. RU88ia.
massive, earthy....•.••.• Germany.
II. SULPHIDES
MINERAL. FORMULA. DESCRIPTION. LOCALITY.
Stibnite.............. Sb, S, fibrous, massive Arkansas.
Molybdenite. Mo S, scales Germany.
Argentite, (1) Ag S with PbS and SiO, Virginia City, Nev.
(2) massive, pure Cornucopia, Nev.
Galenite..... Ph S cleavable, massive Missonri,
Bornite, (1)........... (en Fe) S massive Acton, Canada.
(2) and (3) two samples, very pure.Harvey Hill, Can.
(4) massive Germany.
Sphalerite........... Zn S massive Friedensville, Pa,
Chalcocite, (1) and (3) en S massive Chili. S. A.
(2) crystals Bristol, Conn.
Cinnabar HgS granular, massive California.
Pyrrhotite, (1)........ Fe, S. granular, massive North Carolina.
(2).... granular, massive Litchfield, Conn.
(3).. massive Anthony's Nose, N. Y.
Niccolite............. Ni As massive "" Tangerhausen.
Smaltite..... (Co Fe Ni) As, massive Germany.
Pyrite, (1).... Fe S, massive Germany.
(2)............ massive Freiberg, Saxony.
(3)............ massive Colorado.
Chalcopyrite, (1)..... Cu S . Fe S . Fe S,' massive Acton, Can.
(2)..... massive Harvey Hill, Can.
(3). . . .. massive . Colorado.
(4). massive Ore Knob, N. C.
Ullmannite Ni S, + Ni (Sb As), Petersbach.
Marcasite..... Fe S, crystalline Germany.
Arsenopyrite........ Fe S~ + Fe A8~ masstve Norwalk, CODD.
Bournonitc 3(enPb)S + Sb,S, massive Germany.
Totrahedrite......... 4Cu S + Sb, S, granular Freiberg, Saxony.
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MINERAL. FORMULA. DESCRIPTION. LOCALITY.
Cuprite .
Zincite ..
Hematite, (1) ...... _..
(2) .
Magnetite, (1)...... __
(2) ........
Limonite, (1)
(2)
Zn
massive Siberia.
massive Sterling, N. J.
mieaceous...•.•....•... Michigan.
red, massive 1rtis8ourL
massive, granular Canada.
'" r ;..SaratogaCo., N. Y.
botryoidal.. __ .Salisbury, Conn.
fibrous _ _Anniston, Ala.
Franklinite CFe Zn Mn) (FeMn) massive Franklin, N. J.
Chromite.... Feel' massive California.
Uraninite... Ulf massive ; Bohemia,
Hausmannite. iln, Mn crystalline. Thuringia.
Pyrolusite _'" Mn massive, granular _ New Brunswick. (?)
Manganite . . . . . . . .. .. Mn H crystalline, TIefeld, Hartz Mts.
Psilomelane.. Cila Mn) Mn + Mn massive.; Germany.
Wad RMn + H earthy. , Saxony.
•
Brucite _.. .. .. .. Mg H foliatad _Texas, Pa.
IV. SUNDRIES.
MINERAL. DESCRIPTION. LOCALITY.
Apatite ea"j;' + '{Ca(CI FI) crystals Mitchell Co., N. C.
Vivianite............. Fe"p ., eH radiated, fibrous Mullica Hill, N. J.
Pyromorphite .. _.. _.. 3:Pb,'fi 'I- 'PbCI crystalline.. Bohemia.
Fluorite......... Ca 1<'1 translucent, masstve Muscalonge Lake;N.Y.
Cryolite.... 3NaFI + AI, FI, massive Greenland.
Anglesite __ .. PbS Pheenixville, Pa.
Gypsum....... ea'S'+ 2H crystals _ Montmartre , France.
Samarskite........... (R' fr R~);'6b, massive.•.........•....Yancey Co., N. C.
Silver.. .. .. .. .. .. .. .. Ag pure silver ..
Copper " Cu copper foil ..
Iron _.. .. .. .. .. Fe iron wire .
Zinc ..
Lead ..
Tin .
Aluminium __ .
Antimony ..
Bismuth. , . ..
Zn
Pb
Sn
Al
Sb
Ili
granulated....... .. ..Bethlehem, Pa,
test-lead ..
granulated .
foil France.
massive, crystalline .
massive, crystalline o
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V. SILICATES.
fibrous Natural Bridge, N. Y.
crystals " .•.. Tyrol.
crystals Sicily.
massive Franklin, N. J.
crystals ..••.. , Windham, Me.
massive New York City.
massive North Carolina.
granular Sandwich Islands.
massive Franklin, N. J.
crystals Sterling, N. J.
massive ....••....Ducktown, Tenn.
laminre Westchester Co., N.Y.
laminre North Carolina.
massive Gouverneur, N. Y.
massive Turin, N. Y.
massive Yancey Co., N. C.
massive New York City.
crystals Sparta, N. J.
black crystals New York City.
crystals Buncombe Co., N. C.
crystals Lake Superior.
crystals Bergen, N. J.
massi"e... .. Lake Superior.
crystalline Friedensville, Pa,
uniform, massive.Scotland.
crystals Bergen, N. J.
dark, massive Wiirtlemberg.
white, fibrous Bergen, N. J.
fine crystale .; ..Lake Superior.
crystals Nova Scotia.
crystals .; .. . Nova Scotia.
massive North Carolina.
massive Newburyport, Mass.
waxy, transl Moutville, N. J.
silky, fibrous Montville, N. J.
massive, transl , ..Rye, N. Y.
laminre North Carolina.
MINERAL.
Wollastonite...
Diopside ...••..
Augite ..••.....
Rhodonite .
Spodnmene ..
Hornblende ..
Chrysolite .
Olivine ..
Willemite ..
Almandite..••.•
Epidote .
Biotite ..
Mnscovite ..
Wernerite .
Labradorite .
Albite .
Orthoclase ...••
Chondrodite....
Tourmaline .
Kyanite .
Datolite .
Pectolile .
Chrysocolla .
Calamine .
Prehnite .
Apopbyllite .
Natrolite, (1) .
(2) ..
Analcite.....•..
Chabazite ..
Stilbite ..
Talc ..
Serpentine .
Retinalite .
Chrysotile .
Deweylite .
Ripidolite .
FORMULA.
CaSi
(Ca ~[g) 8i
(Ca ~rg EOe) (Si Ali)
Mn Si
R' Si' + 4MSi'
mR) (Si:Ad&)
(MgFe)' Si
(Mg Fe)' Si
Zn 2 Si
HFe8 + ~'Al)2 SP
[jua' + HAl Fel] Si"
H~Ig K:)' + HAl:Fe)' Si'
cR,.ji\ Si' + ~Si
[l (Na Cap + iMP Si' + Si
[~(ua NS)8 + ~M]~ + !SP
UNa' + ~Al)' Si' + 6Si
aK a + iA·l) 2 SP + 6Si
irg' Si' [FI]
cit' fr B')· Si' [Fl]
MSi
(Ca' H'B)Si
UCa + kNu + rEi) Si
cu Si + 2H
Zn'Si+ iI
uip + iCa:5+ iMpSP
DR + wE: + ~Ca)]' Si + H Si
3Si, Al, :Na, 2H
4Si, AI, Na 2B:
4Si, AI UCa + I c:Na K)] 6H
68i, AI, ca, liB:
GR + lMg) Si
Mg.8i + H
Mg.SI + ir
Mg2Si + iI
(jMg + ~H)'Si + ~H
8 (tMg' + iA! Fe) 98i, 12H
DESCRIPTION. LOCALITY.
[Ninety Species, one hundred and tvventy Specimens.]
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3. The organic acids employed in this investigation were
chiefly citric, tartaric, and oxalic; a few tests were made also
with malic, -tormic, acetic, benzoic, pyrogallic, and picric aeids.
Of the solid acids, solutions saturated in the cold were used,
unless otherwise specified; of the liquid acids, ordinary com-
mercial products. The behavior of the minerals with these
acids was studied in a very simple manner: the mineral to be
examined was carefully freed from its associated gangue or
mineral, finely pulverized in an agate mortar, and a portion
placed in a test-tube i the solution of the acid was then added,
and the resulting phenomena, in the cold and on boiling, care-
fully noted. Sometimes satisfactory conclusions were reached
only by comparison of a number of tests under varying condi-
tions, as to amount of acid, time of heating, etc. In some
cases, to be mentioned in due course, the partial decomposition
of the mineral was ascertained by filtering from the residue
and testing the solution with an appropriate reagent i in
others, by examining the disengaged gas with a suitable test-
paper.
CARBONATES.
4. The natural carbonates dissolve with effervescence more
or less readily in dilute and strong, cold and hot solutions of
citric, tartaric, oxalic, malic, formic, benzoic, acetic, pyrogaUic,
and picric acids, the relative power of these acids being
approximately in the order ill which they are named. The
behavior of the carbonates with citric acid may be summarized
as follows:
(a) Calcite, gurhofite, witherite, strontianite, cerussite, baryto-calcite,
and malachite dissolve rapidly in the cold.
(b) Dolomite, ankerite, rhodochrosite, smithsonite, and azurite are more
feebly attacked in the cold.
(e) Magnesite and siderite are not attacked in the cold.
On heating, an the above carbonates dissolve very rapidly,
except siderite, which is more slowly attacked, From strong',
nearly neutral solutions of calcite, gurhofite, and some other
calcium minerals, a white precipitate of calcium citrate forms
on cooling; cerussite also deposits a white precipitate on
cooling.
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It is evident that a solution of citric acid effects the decom-
position of mineral carbonates with sufficient ease to render it
extremely useful where hydrochloric acid can not be conveni-
ently employed. The organic acid acts, however, somewhat
more slowly; in fact, time appears to be an important factor in
studying these reactions. On some minerals the organic acid
has at first no effect, and an appreciable time elapses before
bubbles of carbonic anhydride appear, indicating the decom-
position of the mineral; this is especially noticeable with
dolomite and azurite. The time of incipient action varies also
with the acid employed.*
Owing to the viscosity of a concentrated solution of citric
acid, the liberated gas has difficulty in escaping, and often
remains attached in bubbles to the powder until sufficiently
large bubbles have formed to ascend through the syrupy liquid;
this, of course, bas reference to examinations made in the
cold. Moreover, the precaution was observed of distinguishing'
between the escape of bubbles of air entangled by the pow-
dered mineral and a true liberation of carbonic anhydride.
These minute details are mentioned, because observation of
them is necessary to obtain the same results as those recorded
in the first part of this section. Magnesite and siderite were
repeatedly tested, and always refused to effervesce with a cold
solution of citric acid, a reaction which distinguishes them from
other carbonates.
5. In making this investigation we have constantly borne
in mind the possible employment of the methods in the field,
and have conducted the tests in the simplest manner with that
end in view. Since it is seldom convenient in field work to
obtain the minerals ill fine powder, an examination was made
of the action of citric acid on the massive carbonates; and by
• The interesting snbject of tbe Velocity of Chemical Reactions bus recently heen
investigated in certain cases by Boguski and Kajantler (Berichte d. dentscbeo Chern. Ges,
Berlin, ix, 1646. and x, :J4). They find that when nitric. hydrochloric, and hydrobromic
acids, ot' the smne concentration, act upon marble, the velocity of evolution of carbonic
anhydride is inversely proportional to their molecular weights. Cf', American Journal
of Science, [3] xii. p. ~U9. It will be interesting to ascertain whether this law holds good
wilh organic acids.
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way of comparison the behavior of the same with hydrochloric
acid was also noted. The results may be summarized as fol-
lows: 1, signifying that the minerals effervesce quickly when
the acid is dropped on their smooth surfaces; 2, that they are
feebly and slowly attacked; 3, that they do not effervesce.
Mineral. ReI. Sp. Gr. 1.055 .Citric Acid.
Calcite. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 1
Dolomite. . . . . . . . . . . . . . . . .. . . . . . . .. . . . 3
Gurhofite .. . .. . .. . . .. ••. -1
Ankerite 2
Magnesite...... 3
Siderite. . . . .. .. . . .. .. . . .. . . . . 3
Rhodochroaitev. , . . . . . . . .. 3
Smithsonite 2
'Witherite _ _. 1
Strontianite ...•...................... 1
Baryto-calcite ~. . 1
Malachite ,.. 1
Azurite 2
... _...... 1
3
1
3
3
3
3
3
2
2
2
2
f
Porous minerals, and those having highly polished eleav-
age or crystalline surfaces, appear to resist the action of the
acids, but for very different reasons; the former (smithsonite,
for example) absorb the liquid and conceal its action within
their pores; the latter (dolomite, siderite, etc.) seem to repel
the liquid, or rather to prevent its actual contact. In the latter
case the action of the acid may be rendered visible by scratch-
ing the surface with a knife and applying the acid liquid to
the roughened surface or to the small, amount of powder pro-
duced by the scraping. The observations above recorded
were made on smooth surfaces.
In earthy minerals, the acid should be applied repeatedly
at the same point until, the pores being filled, the action of the
acid on the surface becomes apparent. .
6. The mineral carbonates behave with a solution of tartaric
acid much in the same manner as with citric acid, but the
tartrates being in general a little less soluble than the citrates,
crystalline precipitates form more readily on cooling the satu-
rated solutions.
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The results recorded below were obtained with a solution
saturated in the cold:
(a) Calcite, gurhofite, witherite, strontianite, cerussite, and baryto-
calcite dissolve readily in the cold ; on boiling, the action is mcreased, and
the solutions deposit crystalline precipitates on cooling; the precipitates
of calcimu tartrate aud of barium tartrate form readily, and may be
recognized with a little experience. (Cf, 910.)
(b) Dolomite, ankerite, rhodochrosite, sinithsouite, malachite, and
azurite effervesce feebly in the cold, and dissolve rapidly 011 heating.
Dolomite and smithsonite deposit crystals on cooliug the solutious ; mala-
chite yields a bluish green precipitate; azurite dissolves readily without
residue.
(c) Magnesite and siderite are not attacked in the cold, but dissolve
readily ou heating. The specimen of sider-ite from Roxbury effervesced
very slightly in the c01l1 and appeared to be more soluble than the speci-
men from Duuphiuy,
7. Oxalic acid decomposes the carbonates in a similar
manner, forming, however, still more insoluble precipitates,
which are in some cases characteristic of the bases contained
in the minerals; especially is this true of the white pulveru-
lent calcium oxalate, the light yellow granular ferrous oxalate,
the beautifully feathered crystals of barium oxalate, and the
heavy white precipitate of lead oxalate. Ankerite contains
enough ferrous carbonate to communicate a decided yellow
color to the insoluble calcium salt, by the formation of ferrous
oxalate. Baryto-calcite dissolves freely on boiling, with for-
mation of insoluble calcium oxalate; by decanting the super-
natant liquid it deposits as it cools the feathered needles
characteristic of acid barium oxalate, easily distinguishable
from the stouter, lengthened, monoclinic prisms of oxalic acid
which likewise form in concentrated solutions.
::.\!ag'uesite, which resists the action of cold citric and
tartaric acids, succumbs to oxalic acid. Siderite is also more
readily decomposed. Malachite and azurite are feebly attacked
in the cold: dissolve slowly 011 heating, and yield precipitates
which are respectively grayish-green and bluish-white in color.
Cerussite and smithsonite also furnish solutions which deposit
crystalline precipitates on cooling.
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8. Acetic acid does not act so energetically on the mineral
carbonates as do the preceding; moreover, on boiling, the
volatile acid distills off and the solution becomes weaker as
the heating is continued; whereas with solutions of the solid
acids, boiling increases their concentration and their decom-
posing power. We conjecture that experimenters in this
direction have been deterred from further research by the
unsatisfactory nature of the reactions with acetic acid. And
yet, if we may trust the ancient chronicles of Rome, the beha-
vior of minerals with this acid was investigated at a wry
early period; we refer to that much disputed tradition which
represents the celebrated Carthaginian general, Hannibal,
applying vinegar to the removal of rocks that obstructed his
passage across the Alps, in his march on the Roman capital:
" Diducit scopulos et montem rnmpit aceto.""
Glacial acetic acid does not in the slightest degree dissolve
calcite; even pure precipitated calcium carbonate does not
effervesce when boiled with glacial acetic acid; but on adding
one-fourth part of water, effervescence begins at once and the
carbonate dissolves freely.
The behavior of carbonates with acetic acid may be sum-
marized as follows (Sp. gr. of acid = 1.037).
(a) Calcite, gurhofite, witherite, cerussite, baryto-calette, and strontia-
nite effervesce freely in the cold and dissolve rapidly ou heating,
(b) Dolomite, ankerite, smithsouite, and azurite effervesce slightly in
the cold, the action being increased on boiling.
(0) Magnesite, siderite, rhodochrosite, and malachite are not attacked
in the cold, and dissolve more or less readily on boiling.
9. Forruic acid (Sp, gr.=1.060) acts rather more powerfully
than acetic; cerussite gives a peculiarly beantiful and charac-
teristic deposit of lustrous white crystals. Malic acid also
acts quite energetically; but the difficulty of obtaining it in a
state of purity, and its high price, will prevent its use in this
connection. It does not scem especially desirable to extend
the list of organic acids; for though their number is legion,
* .Juvenal, Satire X.
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hut few are commercial articles; some interest might be at,
tached to a comparison of their decomposing power, but a
practical application to the examination of minerals is very
doubtful. To test the probabilities of their action, however,
a few experiments were made with solutions of picric, benzoic,
and pyrogallic acids.
A strong hot solution of picric acid (carefully freed from
nitric acid by re-crystallization) decomposes calcite, dolomite,.
and witherite very readily. A moderately strong hot solution
of benzoic acid dissolves calcite freely, and a crystalline
precipitate falls on cooling. Dolomite dissolves on boiling.
Pyrogallic acid attacks calcite in the cold, and dissolves it on
boiling, with formation of a white precipitate, while the super-
natant liquid turns dark in color through absorption of oxygen.
l\IICROSCOPICAL EXAJUINATION OF 'l'HE CRYSTALLINE
PRECIPI'l'A'.rES.
By·JOlIN H.'CASWELL.
10. The crystalline precipitates obtained in these reactions
are in some measure distinguishable by the naked eye, but
microscopical examination of the varied forms develops inter-
esting peculiarities. For this Investigation we have had the
good fortune to secure the skill, as well as the pencil, of our
friend Mr. John H. Caswell, of the School of Mines, Columbia
College, who places us under obligation by communicating the
following results of his study.
The crystalline deposits were obtained by treatment of
the different minerals named, with hot solutions of the acids,
in test-tubes, and concentration of the solution when necessary.
In addi.tion to the crystalline forms of the acids themselves,
tartaric and oxalic, the following substances were examined:
Hydro-calcium tartrate, neutral calcium tartrate, hydro-barium
tartrate, calcium oxalate, hydro-barium oxalate, hydro-stron-
tium oxalate, ferrous oxalate, formate of lead, and calcium
citrate. The precipitates resulting from treatment of the
minerals were compared with similar precipitates formed from
, chemically pure material.
Tartaric Acid.-Tl1e most usual and characteristic forms
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observed were triangular-shaped crystals, of very beautifully
sharp and distinct outllne, The smaller ones appeared to be
without any modifications, as in Plate I, Fig. 4, but some of
the larger and thicker ones had faces and planes on the angles
and edges similar to those in Fig. 2. The same crystals
viewed in a different position appeared as in Fig. 5, which
forms were often grouped, together 'Yith the triangles, into
stellate masses, Fig. 6. Flat, tabular crystals, apparently
with domes and prismatic faces, were also observed. They
were remarkable, owing to the terminations being different on
the same crystal, thus occasioning a somewhat wedge-shaped
form, as in Figs. 1-3. These tabular crystals are quite large,
and often have inclosures of small acicular crystals and cavi-
ties. Very small needle-like crystals were also observed iu
the same slide as those already mentioned.
Hydro-calcium tartrate (Figs. 7 to 12).-From a solution of
calcite in an excess of tartaric acid, crystals 'were obtained,
strongly resembling orthorhombic or monoclinic forms, consist-
ing of prism and dome, as shown in the figures. These crystals
were quite small, but very beautifully sharp and distinct, and
g-ave bright colors in polarized light. The figures show forms
almost identical, but seen in different positions. The crystals
were then twice boiled with water, to remove' any excess of
tartaric acid, the only effect being to mass the crystals in groups
and to round their angles somewhat, although some good indi-
viduals were seen. The water solution was then evaporated
and some very sharp and good crystals obtained, having' the
same characteristic face and angles as in the figure, but gen-
erally larger and sharper than those before observed. These
forms, then, belong undoubtedly to hydro-calcium tartrate,
tartaric acid being entirely too soluble to have furnished
crystals in this way. Sometimes the crystals are in long,
slender prisms, but always with the characteristic dome-like
termination; and in some of the larger ones the piuacoid is
present.
Gurhojite, treated with tartaric acid, gave the forms
already described, and also some transparent masses of irregu-
lar shape, having no crystalline characteristics.
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Dolomite, treated as above, also afforded some good crys-
tals of hydro-calcium tartrate, very easily recognized among
other irregular fragments or masses of no particular form.
Neutrol calcium tartrate, obtained by treating a concen-
trated solution of tartaric acid with an excess of calcite, gave
very minute needles, which in almost every ease were grouped
in small radiated circular masses, much resembling the spher-
ulites of volcanic rocks. Tile outlines of these groups are
sharp and distinct, always perfectly round, sometimes having
the central part transparent, but no particular crystalline form
could be made out.
Hyr1ro-baritun tartrate (Fig. 13), from witherite and tartaric
acid, crystallizes in very delicate, long, almost capillary, acicu-
lar crystals, which are often grouped in bundles, the needles
lying parallel to each other. A few characteristic crystals,
probably hydro-calcium tartrate, having the form and faces
(as previously mentioned) of prism and dome, were easily
recognized; they doubtless proceeded from the calcium COIl-
tained in the witherite. It is interesting to be able so easily,
by the aid of the microscope, to distinguish a small percentage
of calcium in the presence of a large quanrity of barium.
The needles of hydro-barium tartrate give fine colors in polar-
ized light.
Oxalic acid forms long' prismatic crystals, quite stout, and
generally terminated with domes, similar to those faces in
hydro-caleium tartrate; but apparently of much flatter angles.
When carefully made, the crystals are sharp and distinct in
ontline and terminations, but the mass much oftener crystal-
lizes in indistinctly radiated groups, in which the forms can
scarcely be distinguished. Oxalic acid, as is well known, gives
beautiful colors in polarized light.
Calcium oxalate is an amorphous powder, and, even under
the microscope, appears to be in minute masses, almost opaque
and with no distinguishable crystalline characteristics.
Hydro-barium oxalate, from witherite and oxalic acid (Figs.
14-16), crystallizes in large, beautiful forms, very character-
istic, and different from anything before noticed. The crystals
have the shape of a spear-head or arrow-head, being built up
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of many small crystals arranged on a straight rib or spine
somewhat like a feather. The spear-headed forms arc deeply
striated or furrowed, and inclose large tlnid-cavities ; they
give beautiful colors also in polarized light. A few simple
crystals, as in Fig. 14, are apparently monoclinic or triclinic;
and the edges or sides of the feather-like forms generally
terminate in similar small, distinctly outlined crystals, placed
on the extremity of the lateral ribs.
Very striking were the forms (Figs. 17, 18) obtained from
treating' baryto-calcite with oxalic acid. They consisted, first,
of the large spear-headed or feather-shaped crystal gronps, as
shown in the sketch, in which the mode of formation is very
easily seen, especially the simple crystals terminating the
lateral ribs. The latter are curved upward a little, but seem
to be nearly at right angles to the main spine or axis. Besides
these forms, amorphous calcium oxalate was observed, and
also some long, columnar crystals of oxalic acid. By allowing
the calcium oxalate to settle, and decanting and crystallizing
the clear solution, the best and cleanest crystals of hydro-
barium oxalate can be obtained, of tolerably large size.
Hydro-strontium oxalate (Figs. 19, 20), from strontianite
and oxalic acid, gave very small crystals, somewhat resem-
bling those of hydro-calcium tartrate, but apparently With
much flatter angles. One form, Fig. 20, seemed to be made
up of prism, pinacoid, and domes, probably orthorhombic or
monoclinic. Other crystals, probably pyramidal, appeared to
be minute rhombs (Fig. 19), sometimes in groups.
Ferrous oxalate (Fig. 21), from siderite and oxalic acid,
gave yellow crystals, exceedingly minute, but nevertheless
quite distinctly outlined. Their form was prismatic with a
flat or basal termination.
The same crystals were abundantly obtained from ankerite
also; but the crystalline mass was of a lighter yellow than
that formed from siderite, owing to admixture of calcium
oxalate.
Formate of lead, from cerussite and formic acid, crystallized
in quite large acicular forms, sharp and transparent, but
terminated with rounded faces, the exact nature of which
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could not be determined. The crystals are generally com-
paratively short and stont, being quite different from the
hydro-barium tartrate, which is almost capillary in character.
Some of the larger crystals of formate of lead are thick and
cloudy, apparently from the presence of microlites and fluid
cavities.
Calcium citrate, from citric acid and calcite, had no crystal-
line appearance, being in the form of very minute masses,
and is probably amorphous as thus obtained."
METALS AND ORGANIC ACIDS.
11. That citric and tartaric acids dissolve iron and zinc,
with evolution of hydrogen gas, is a well-known fact, stated
in many handbooks of chemistry.*
Crommydis has recently taken advantage of the solubility
of zinc in oxalic acid to prepare glycollic acid (H,C,H,O,),
a reaction in which nascent hydrogen plays an important
part.t
In repeating and extending these experiments we have
made the following observations: Iron, zinc, and magnesium
dissolve readily in cold saturated solutions of citric, tartaric,
oxalic, and malic acids, as well as with formic (Sp. Gr. = 1.060)
and acetic acids (Sp. Gr. = 1.037), evolving hydrogen more or
less freely; on heating, the action becomes violent. Magno-
sium is attacked by citric and other acids violently, the
liquid becoming much heated.
A cold-saturated solution of citric acid, diluted with half
its volume of water, attacks zinc slowly in the cold; on boil-
ing, hydrogen comes off freely and continues to do so after
cooling for a long time; the disengagement of gas being slow
but steady, and under favorable conditions lasting for twenty-
four hours. If the solution becomes very concentrated, an
insoluble citrate of zinc precipitates, soluble, however, in
water.
Tartaric acid acts on zinc feebly in the cold; on boiling,
solution ensues, and at the same time the hot liquid becomes
• Cf. Hnndworrerbueb del"Cbemie, article" Citronsaure."·
t Bull. 80C. chim., xxvii, p.3, 1877.
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milky from the formation of an insoluble tartrate of zinc; on
cooling, the solution becomes clear and a precipitate settles.
Oxalic acid in concentrated solution attacks zinc in the
cold immediately; but the action soon ceases, owing to the
surface of the zinc becoming coated with a quite insoluble
zinc oxalate; on heating to boiling, the evolution of hydro-
gen is resumed, but is again arrested in a short time from tbe
same cause. On cooling, a fine precipitate forms."
SFLPHIDES.
12. After experiencing the solvent power of organic acids
described in the preceding section, we were prepared to dis-
cover many sulphides yielding to them, though we confess to
surprise at finding this action taking place even in the cold.
Such is the case with four out of the eighteen sulphides
selected for examination, viz.: stibnite, galenite, sphalerite,
and pyrrhotite. The tests were made as follows: the pul-
verized minerals were placed in test-tubes, a concentrated
solution of citric acid was added, and a piece of paper moist-
ened with plumbic acetate was suspended in eacb tube, which
was then corked. After standing twelve hours at the ordinary
temperature, tbe blackened test-papers gave evidence of the
decomposition. Sphalerite seems to be the most readily
decomposed, the sulphurated hydrogen coming off immedi-
ately. On heating, the disengagement of sulphureted hydro-
gen is very marked; with boiling citric acid, bornite and
bournonite, in addition to those just mentioned, yield sulphu-
reted hydrogen. One sample of argentite, containing min-
gled galenite, gave a reaction for sulphureted hydrogen; but
* Experiments were made to test the applicability of these methods of generating
hydrogen to the detection of arsenic by Marsh's apparatus. If a solution containing
arsenic be introduced into a flask in which hydrogen is evolved from tbe action of citric
acid on zinc, the disengagement of gas is greatly augmented and arseneted hydrogen
forms at oncc. Owing to the imperfect solubility of zinc citrate, the action Boon ceases.
With tartaric acid tbe same objection' arises, while oxalic acid is out of the question.
This difficulty does not apply to magnesium, whicb migbt be employed in an apparatus
slmllar to that described by Dr . .Tohn C. Draper (American Chemist, II, 456). By using
distilled magnesium and re-crystallized citric acid, the absence of arsenic in the materials
need for toxicological researches could be placed beyond suspicion.
JULY, 1877. 2 AloL.'f. N. Y. ACAD. Sm, VOL, I.
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a purer specimen was not attacked. ",Vith boumonite the
reaction is feeble.
Pyrite, marcasite, molybdenite, chalcocite, cinnabar, argen-
tite, nicoolite, smaltite, chalcopyrite, ullmannite, arsenopyrite,
and tetrahed.rite resist the action of citric acid. Tartaric and
oxalic acids act in a similar manner, both in the cold and on
boiling. A comparison of the behavior of nine organic acids
with stibnite gave the following results:
(a) Stibnite heated with citric, tartaric, and oxalic acids yields sul-
phureted hydrogen freely and goes into solution.
(b) With malic, benzoic, and pyrogallic acids, sulphureted hydrogen
comes off feebly and the mineral dis sol ves imperfectly.
(0) With formic and acetic acids no gas is evolved and the mineral is
not dissolved.
(d) With picric acid no gas is evolved, but the mineral is partially
dissolved.
It is noticeable that the liquid acids are powerless to effect
decomposition. (§ 8.)
13. The action of the organic acids on mineral sulphides
is not so decid.ed as that of the mineral acids; but this is no
disadvantage, since it affords additional means of determining
them. On examining the reactions recorded in the preceding
section, it will be found that bornite and pyrrhotite are decom-
posed by citric acid, while their kindred compounds, pyrite
and chalcopyrite (as well as chalcocite) are Bot. In order to
establish satisfactorily this difference of behavior, several
specimens of each of these minerals, from various localities,
were carefully tested.
(a) Four samples of bornite were heated with a concentrated solntion
of citric acid, and each gave a strong reaction for sulphureted hydrogen;
of four specimens of chalcopyrite, treated in the same manner, two gave
no traces of this gas, and two gave mere traces on long boiling; three
samples of chalcocite yielded no traces of sulphureted hydrogen.
(b) Three specimens of pyrite heated with citric acid gave no traces of
the gas, and three of pyrrhotite liberated it both in the cold and freely on
boiling. On the other hand all the epecimens named are decomposed by
hydrochloric acid, except one specimen of pyrite (from Germany).
It is evident, then, that citric acid may be used to distill-
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guish pyrrhotite from pyrite, and bornite from chalcocite or
chalcopyrite. The presence of galenite in argentite may also
be ascertained by this method, since the former yields H,S
even in the cold, while the latter is not decomposed on
boiling.
OXIDES.
14. A few of the mineral oxides examined are attacked by
the organic acids in the cold; brucite dissolves slowly, but to
a considerable extent, in cold citric acid; the manganese
oxides, hausmannite, pyrolusite, manganite, psilomelane, and
wad, decompose the organic acid with evolution of carbonic
anhydride; the reaction begins in the cold, and on applying
heat proceeds rapidly, with a lively effervescence.
91\1nO,+10 H 3C6H.07=9 l\I:nHC6H.O,+13 H,O+6CO.
l\.1anganite is not so soluble as the others, probably because
the oxidizing power of the sesquioxide is less than that of
manganese dioxide. The minerals are apparently more
quickly and completely dissolved by oxalic acid than by citric
acid.
Zincite, cuprite, and limonite are attacked by boiling citric
acid, the latter but slightly. Hematite, magnetite, franklinite,
and chromite are not attacked. In testing these minerals,
conclusions were based on the reactions of the filtrates; in
employing ferrocyanide of potassium to test the citric acid
solutions of the iron oxides, we observed that the organic acid
exerts a reducing action on the ferrocyanide, and produces a
bluish precipitate proceeding from this reagent itself. This is
especially noticeable on boiling, a light bluish-green precipi-
tate forming abundantly. Tartaric and oxalic acids act
similarly.
The oxides behave with tartaric acid in all respects as with
citric.
SUNDRY 1I1INERALS.
15. A few minerals not closely related were examined as
to their behavior with citric acid. Gypsum appears to be
somewhat more soluble in a concentrated solution of citric
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acid than in water. Apatite is feebly attacked on boiling.
Vivianite is readily soluble. Pyromorphite and anglesite are
partly decomposed even in the cold, as shown by the behavior
of the filtrates with hydrosulphnric acid.
Fluorite, cryolite, and samarskite are not attacked, as
might be anticipated.
SILICATES.
16. Those silicates which are decomposed by hydrochloric
acid, either with or without the formation of a jelly, are like-
wise attacked more or less strongly by a hot solution of citric
acid. The minerals were examined as follows:- their behavior
with strong hydrochloric acid was first ascertained, and they
were then heated with a concentrated solution of citric acid;
the solution becomes viscid by concentration, and the gelatin-
ous silica is best seen by diluting with water and agitating.
Very careful pulverization of the mineral is in most cases
indispensable. The solubility of the mineral was also tested
by filtering from the silica and undissolved material, and
examining the solution with an appropriate reagent. Owiug
to the power possessed by citric acid (in common with other
organic bodies) of preventing precipitation of salts which are
otherwise insoluble, care was had to select those reagents
which were least affected; in this we were aided by a table
contained in Dr. Hermann Grothe's paper entitled, "Ueber
das Verhalten del' Metalloxydaufldsnngen gegen Alkalien bei
Gegen wart nicht-fliichtiger orgauischer Substanzen und ueber
den Nachweis del' Metalloxyde in solchen Losungen.";;
So far as possible, color reactions were employed.
The results are summarized below :-1, signitying minerals
which decompose readily; 2, those which are attacked with
difficulty; 3, those which resist the acid. _Minerals which
yield gelatinons silica are marked G, and those which give
slimy or pulverulent silica, S.
• Journal (fir prakt, Chemie, Vol. XCII, p. ]75.
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BEHAVIOR OF CERTAIN SILICATES WITH HCL AND WITH CITRIC ACID.
MINERAL.
I
net C Mll\"ERAL. HCI I C
---
Wollastonite ..... 1G IS Rhodonite .•.•.. 1 1
Chrysolite ........ 1G 2 Natrolite ..••••. 1G IG
Olivine•.......... 1G 3 Analcite ....•••. IS IS
Willemite .....•. _ IG IG Chabazite ....•. IS IS
Wernerite .....•.. 1-2 3 Stilbite •....... ~ 1 2
Chonllrodi te ...... 1G 1-2G Serpentine _.•... IS IS
Datolite ..••.....• 1G IG Retinalite ...... IS IS
Pectolite ., ••.•..• 1G 1G Chrysotile ....•• IS 2-3
Chrysocolla....... 1 1 Deweylite ...••. IS IS
Calamine ........ IG IG Talc ............ 3 3
Prehnite ......... 1 2 Epidote _. _....'. 3 3
Apophyllite .••.•. IS 2S Orthoclase .•.... 3 3
In order to ascertain approximately the comparative de-
composing power of the commoner organic acids with silicates,
two which yield readily to citric acid and one which is
attacked with difficulty were selected for treatment. The fol-
lowing are the results:
Calamine. Natrolite. Prebnite.
Citric Acid .........•.... 1G IG 2
Tartaric " . __........... IG IG 3
Oxalic " .. _----_ ......... 2 3 3
Formic " -----------_.- IG* 1 3
Malic " -_ ........... - .. IG IG 3
Acetic
"
. __.. _-_....... IG 2-3 3
* Very solnble.
Since calamine and willemite are sometimes distinguished
by their behavior with acetic acid-the former gelatinizing and
the latter giving slimy silica-it was thought of interest to
examiue their behavior with other organic acids. The results
are given below:
Calamine.
Citric Acid __ ... _. _.............. ... 1 G
Tartaric " . . . . • . . .. . . . . . . . . .. .. .. .. 1 G
Oxalic " _ _..... 2
Formic " _ . .. 1 G
Malic " .. _. • . . .. . .. . • •• . .. . .. 1 G
Acetic "..... .... .... .... . . .. 1 G
* Solution becomes very milky in appearance,
Willemite.
IG
1*
2
1 S
1
1 S
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DECO:.lfPOSITION OF lIHNERALS BY ORGANIC ACIDS AND
OXIDIZING AGENTS.
18. Desirous of extending the use of organic acids in
attacking minerals, we tried the effect of adding oxidizing
agents to the solution of the acid; the results were satisfac-
tory and prompted the following investigation:
When potassium, sodium, or ammonium nitrate is added
to a boiliug solution of citric acid, on reaching a certain degree
of concentration nitric acid is set free, and this immediately
reacts upon the organic acid, decomposing it with evolution
of gases. These gases proved on examination to consist of
nitric oxide and carbonic auhydride ; whether carbonic oxide
is present was not determined. The reaction which takes
place is very complex; it may possibly be expressed thus:-
4H J06Hs0 7+ 6KN03=7H,o+ 3K,HC6Hs07+ 6CO,+3N,O,
or admitting the formation of oxalic acid;* we may write:-
11H3C6HsO,+16KN03=8K,HC6HsO,+3H,C,0.+17H,O
+12CO.+8N.02
Potassium nitrite also decomposes citric acid in a some-
what similar manner, the action beginning in the cold and
continuing with violence and a rise of temperature. The
reaction may be expressed as follows :-
9H3CtiHsO,+16KN02=8K,H.CtiHsO,+R.C,O.+3H.O+8N.O.
+4CO,.
Or, abbreviating and disregarding the decomposition of the
organic acid, we may have
H3C+3KNO.=K30+TIN03+TI,O+N,O,.
The nitric acid being then in a nascent condition, is prepared
to effect oxidation in a most powerful manner.
When chlorate of potassium is substituted for the nitrate
or nitrite, the decomposition begins on boiling down the solu-
tion to small bulk, and proceeds very vigorously, the carbonic
* Watts' Dictionary, I, ~9G.
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anhydride disengaged being accompanied by a gas having an
excessively irritating odor and exciting tears. This peculiar
substance is probably the same as that obtained in 1847 by
Plautarnonr,'" by the action of chlorine on sodium citrate, and
which was subsequently studied by Laurent, by Staedler, and
by Oloez.t The latter showed the irritating body to be per-
chlorinated acetate of methyl, 0 3016°" and explains its
formation as follows :t
H 306H607+ HzO+ 1601=03016°,+300z+10HOl.
Precisely how the action proceeds with potassium chlorate
and citric acid we have not determined; it is undoubtedly
more complex than even the following equation indicates:-
26KOI03+'J7H306H50,=30"0160.+45002+45H,O+8KOI+
18KH,O~H.07·
Tartaric acid behaves exactly like citric acid with the ni-
trate and the chlorate. Oxalic acid decomposes them in very
concentrated solutions and attacks the uitrite very actively,
probably in the following manner:
2KNO,+3H,O,0.=2KHO,O.+2H,O+200,+N20,.
Acetic and formic acids do not decompose the nitrate nor
the nitrite.
19. These interesting reactions enable us to attack many
mineral sulphides with the greatest ease. With potassinm
nitrite and citric acid, they are decomposed in the cold;
with the nitrate and chlorate, only on boiling. Pyrites, for
example, in fine powder, is very quickly decomposed by these
powerful agents, and completely dissolved, save a little sul-
phur. The solution contains ferric sulphate and hydropotas-
sium citrate, while both nitric oxide and carbonic anhydride
are evolved abundantly; the reaction then may be formulated
as follows :-
4FeS,+26KN03+12H306H607 = 2Fez(SO.)3+2K,SO.+
l1KzH.06H60,+15HP+13N20.+ 600•.
* Berzelius, Jahresberleht, Vol. xxvi, p. 428.
t Annals de Chimie et de Physique, (3) xvii, 297 and 311.
t or. Watts'Dictionary, I, 996.
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Of the eighteen sulphides selected for examination, all but
two, molybdenite and cinnabar, are readily decomposed by
heating with citric acid and potassium nitrate; stibnite and
bouruonite yield clear and colorless solutions; argentite and
galenite, turbid and colorless solutions; bornite, sphalerite,
chalcocite, pyrrhotite, niccolite, smaltite, pyrite, chalcopyrite,
ullmannite, marcasite, arsenopyrite, and tetraheclrite give
colored solutions not particularly characteristic. The copper
minerals, heated with a large proportion of the organic acid,
give precipitates of red oxide of copper. The sulphur in these
minerals is not completely oxidized by the potassium nitrate
and a part floats in the solutions.
Parallel experiments with citric acid and potassium chlo-
rate gave similar results, but the action of the chlorate is
slower. Tartaric acid may be substituted for citric, and ap-
pears to differ little in its solvent power.
20. Although oxalic acid decomposes potassium nitrate,
only in the most concentrated solutions, yet the presence of an
oxidizable body like pyrites incites a reaction which effects
complete decomposition of the sulphide, precisely as with citric
acid. Potassium nitrate and oxalic acid heated together give
the following reaction ;-
2KN03+5H,C204=2KHC204+4H,0+.N,02+ 6 CO,;
and on the addition of pyrites we have;
2FeS2+ 12KN03+ 13H2C20.=Fe,(S04)3+K2S04+8H20+
10KHC20.+6N202+6C02.
Since, however, the nitric oxide is evidently evolved in
mucb greater proportion than the carbonic anhydride, the
following equation probably expresses the actual reaction with
greater aceuraey s-;
6FeS,+32KN03+29H.C204= 3Fe2(S04)3+ 3K,SO.+ 26KHC,O.
+16HP+16Nz02+ 6C02 •
To decompose sulphides with oxalic acid and potassium
nitrate, the best results are secured by boiling the two reagents
together for a short time and then adding the finely pulverized
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mineral j a violent action sets in immediately. In studying
the rationale of the above-named decompositions, we discov-
ered that many sulphides are attacked by an aqueous solution
of potassium nitrate (and nitrite) without the addition of acid;
this unexpected result explains satisfactorily the violence of
the decomposition of the sulphides by the mixture of reagents,
many forces being simultaneously brought into play; the
organic acid, while able to decompose the potassium nitrate
alone, acts at the same time as a solvent of the products
resulting from the decomposition of the sulphide by the
nitrate.
This explains also the fact that the comparatively weak
acids-malic, acetic, and formic-which do not of themselves
decompose potassium nitrate, are able to dissolve the sulphides
in the presence of the latter reagents. 'We are now investi-
gating the behavior of certain minerals with these and other
saline solutions, and hope to present the results in a future
paper.
We have applied this method of attack to several other
classes of minerals, but without much advantage. The oxides
of iron, magnetite and hematite, as well as franklinite and
chromite, resist the combined action of the mixed reagents.
The decomposition of silicates is not notably facilitated.
Limonite is feebly attacked. Uraninite, however, dissolves
completely and rapidly in this mixture of reagents.
The remarkable solvent power of a mixture of nitrate of
potassium and citric acid is further demonstrated by the fact
that metallic copper, silver, lead, tin, bismuth, and antimony,
as well as magnesium, iron, and zinc, dissolve therein with
more or less rapidity.
Aluminium resists this mixture of reagents :-the alchem-
ists'dream of an alcahest, or universal solvent, is therefore
only partly realized.
DEcmIPOSITION OF SILICATES BY ORGANIC ACIDS AND
A}Il\'IONIUM FLUORIDE.
21. A hot concentrated solution of citric acid decomposes
ammonium fluoride, setting hydrofluoric acid free; and if
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silicates are present, many of them dissolve with great facility.
Those minerals which were hardly attacked by citric acid
alone, viz. : olivine, wernerite, chondrodite, and prehnite,
together with the following not previously examined, ortho-
clase, albite, labradorite, augite, diopside, hornblende, alman-
dite, spodumene, kyanite, talc, and epidote, are more or less
readily decomposed. Of the latter, albite, labradorite, and
augite,' dissolve quite freely, while epidote appears to be
slightly attacked by citric acid alone,
That this method of attack must be conducted in platinum
vessels, goes without saying; the silicon evolved as a fluoride
may be detected by suspending a moistened glass rod in the
vapors, causing a gelatinous precipitate. To obtain affirma-
tive results, it is essential that the silicates should be in very
fine powder; the common micas, muscovite and biotite, which
are obtained in pulverulent form with great difficulty, appear
to resist these reagents; and ripidolite is but slightly attacked,
perhaps for the same reason.
Tourmaline decidedly resists the action of these reagents,
as well as the fluorides, cryolite, and fluori.te. Samarskite is
not attacked.
It is hardly to be expected that this method of examining
minerals will be serviceable in field work, but it may prove
applicable to quantitative analysis.
SU~Il\I.ARY OF RESULTS.
22. The results of this investigation establish the hitherto
unrecorded fact that organic acids not only decompose a con-
siderable number of minerals belonging to various groups,
but they also possess a remarkable, selective power as regards
the degree of this decomposition; to make this selective
property of citric acid evident, and at the same time to present
a condensed recapitulation of its action on the ninety minerals
examined, we have drawn up the annexed table (p..'30). This
table shows that citric acid alone divides minerals into eight
groups: A, those which dissolve in the cold without evolution
of gas; B, those which dissolve in the cold with liberation of
carbonic anhydride; C, those which are decomposed in the
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cold with liberation of snlphureted hydrogen; D, those which
dissolve in the hot acid without evolution of gas; E, those
which dissolve in the hot acid with liberation of carbonic
anhydride; F, those which dissolve in the boiling acid with
liberation of sulphureted hydrogen; G, those which are de-
composed on boiling, with formatiou of gelatinous silica; H,
those which are decomposed on boiling, with separation of
silica in a slimy or a pulverulent form. To these eight groups
we may add three more; I, those which are decomposed by
boiling with citric acid and potassium nitrate; K, those which
are decomposed by heating with citric acid and ammonium
fluoride; and L, those which are not attacked by any of the
preceding methods.
Under E fall five minerals, hansmannite, manganite, psi-
lomelane, pyrolnsite, and wad, which dissolve rapidly in hot
citric acid and decompose it with liberation of carbonic anhy-
dride, Advantage is taken of this reaction in the quantitative
analysis of manganese dioxides.
Notwithstanding the sharpness of the reactions by which
many of the minerals are characterized, we do not regard the
annexed table as a scheme for their determination, but merely
as a general view of their behavior. The special cases in
which minerals may be distinguished have been mentioned
previously.
Under L are found thirteen of the ninety minerals exam-
ined; perhaps some of these will yield to these methods of
attack by varying slightly the means of application. It is
possible also that some of them may be decomposed by heat-
ing with citric acid solution in sealed tubes under pressure;
but this process of course is not applicable to field work.
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23. The applications of the methods of examining minerals
detailed in the preceding pages are, we believe, numerous and
important. Many of the reactions are simple, quickly applied,
characteristic, and sensitive; they may be used, as we have
seen, in distinguishing minerals nearly related, and probably
in separating minerals mingled in one specimen. The methods
will in all probability find useful application in quantitative
analysis, a point which we propose to test at some future time.
We have already employed a solution of citric acid in the
analysis of limestones, for. the determination of carbonic
anhydride by loss. The evolution of gas proceeds regularly
and the limestone is completely deeomposed ; citric acid pos-
sesses an advantage over hydrochloric acid in being non-vola-
tile. Experiments to test the accuracy of the method were
made with well-dried precipitated carbonate of calcium, and
gave results differing by two or three tenths from the theoreti-
cal percentage.
By using the' non-volatile organic acids in microscopic work
whenever applicable, possible injury to the metallic mountings
may be avoided, and in certain cases characteristic phenomena
may be observed.
The importance of the application of these methods to the
examination of minerals and rocks in the field. is evident. The
testimony of various persons as to the practicability of blow-
pipe work and chemical work in the field differs greatly, some
claiming that it is valuable and easily accomplished, and others
that it is altogether impracticable. Professor Geikie, Director
of the Geological Survey of Scotland, mentions as a valuable
addition to the geologist's outfit, "a small bottle of weak
hydrochloric acid, carried in a protecting wooden box or case,
of use for testing carbonates;" and he quotes Sir William
Logan as employing acid to test the material adhering to a
"Fmestone spear," with which the underlying strata can be
probed.*
We propose, therefore, the substitution of a stout paste-
board box, containing solid citric (or tartaric) acid, for the
• Science Lectures at South Kensington: Outlines of Field Geology. 1877.
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usual glass bottle of liquid hydrochloric acid, and the addition
of potassium nitrite to the usual list of dry reagents contained
in portable blow-pipe cases. Since citric acid solution decom-
poses potassium nitrite ill the cold, we can carry nitric acid
practically in a solid form; hydropotassium sulphate, already
in use, furnishes sulphuric acid in a solid state; and it only
remains, therefore, to provide for hydrochloric acid. Our
experiments have as ;yet failed to solve this problem directly;
ammonium, sodium, and potassium chlorides appear to resist
the action of the organic acids. Iodine, on the other hand,
while much less powerful than chlorine, possesses similar
properties, and will form a valuable addition to the list of dry
reagents; in aqueous solution it attacks many sulphides, and
gives rise to characteristic phenomena, Iodine water was
employed as early as 1858, by Professor Henry Wurtz, to sep-
arate pyrrhotite from pyrite; * but he did not extend its use
to the determination of minerals, a question which we are now
engaged in studying, and which has already yielded very
interesting results.
Citric acid, potassium nitrite, and iodine, then, added to
the reagents in common use, - borax, sodium-carbonate,
potassium cyanide, ammouio-sodium phosphate, test-lead, tin,
and an assortment of test-papers, including' acetate of lead
paper, together with as many of the solid reagents used in
solutions as space will admit, would complete the outfit of
dry reagents for wet analysis and for blow-piping.
A pocket case, made of lacquered tin, 20 em. long, 5
em. wide, and 2.3 em. deep, containing pasteboard boxes
(pill-boxes) of citric acid, potassium nitrate, dried borax, and
sodium carbonate, together with a few simple requisites for
blow-pipe work, has been used by the writer in short mineral-
ogical excursions with great satisfaction. To carryon the
examination with solutions, we are also provided with a paste-
board case, cylindrical in form, 14 em, long, containing five
stout test-tubes, fitting one within another, like a nest of
beakers; the interior tube is open at both ends, a cork inserted
* American J ournal of Science, (2) xxvi, 190.
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tightly in the centre of the tube divides it into two compart-
ments, one of which is filled with pulverized citric acid and
the other with potassium nitrite, to be snbseqnently dissolved
in water obtained in the field. This simple arrangement,
greatly economizing space, will naturally suggest itself to all
working mineralogists, and would scarcely be worth mention-
iug were not wet-analyses commouly regarded as impracticable
in field work.
In proposing the use of organic acids ill this connection,
we are aware that they already occupy a place in the lists of
"Special Reagents" contained in the larger treatises ou Blow-
pipe Analysis, Plattner* mentions tartaric acid, but limits
its use to the separation of yttria ana. zirconia (by ammonium
sulphide); and he names oxalic acid as employed in the pre-
cipitation of lime and in the separation of iron and uranium
from yttrium, cerium, and lanthanum. To remove the organic
acids from this restricted use, and to accord to them a more
important position in the list of reagents, is our aim.
APPLICATION TO GEOLOGICAL PHENOl\IENA.
24. This newly developed power of the organic acids has
undoubtedly an important bearing on the chemistry of geo-
logical changes: organic acids, resulting from the decomposi-
tion of vegetable and animal matter, demand recognition as
powerful agents in the work of disintegration and consoli-
dation.
Many of the results attributed to the imperfectly studied
bodies, geic acid, C,oH120 " lnnnie acid, C'OH j ,0 6' and ulmic
acid, C,oH140 6 t-as well as the oxidation products, crenic
and apocrenic acids-are perhaps the silent work of a higher
class of orgauic acids.
That such acids constitute ingredients of the soil, is well
established: "When the leaves of beets, tobacco, and other
large-leaved plants, fall upon the soil, oxalic and malic acids
1875~ Plattner's lUanual, translated by Prof. H. B. Cornwall, third edition, pp, 53 and 54
t Mulder, Ann. Chern. Pharm., xxxvi, 243, 1840. Detmer ascribes to humic acid
the formula Coo H"O,,, and regards humic and ulmic acid as identical in composition.
Cf. Watts' Dict., II Suppl., 64~.
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may pass into it in considerable quantity. Palling fruits may
give it citric, malic, and tartaric acids." " Formic, propionic,
acetic, and butyric acids, or rather their salts, have been
detected by J ougbloed and others ill garden-earth. 'I'he latter
are common products of fermentation, a process that goes on
in the juices of plants that have become a part of the soil or
of a compost." *
How far these organic bodies assist in disintegrating rock
material is largely a matter of conjecture; that they do exert
considerable influence may be concluded from the, existence in
the soil of the ulmates, humates, apocrenates, and ereuates of
potash, soda, ammonia, lime, magnesia, iron, manganese, and
alumina. We have, moreover, numerous instances of min-
erals containing organic acids in combination:
Berzelius and other chemists have remarked the occurrence
ill marshes of compounds of iron and organic acids, of unde-
termined composition. Prof. T. Sterry Hunt t describes limo-
nites containing from 12.5 to 15 per cent. of humic acids; Dr.
George A. Koenig.] in an investigation of the cause of the deep
green coloration of amazon-stone from Pike's Peak, concludes
that the coloring matter consists of some compound of iron
with an organic acid, the nature of which he has not yet de-
termined. Dr. Gideon E. Moore, in a paper on Cryptocallite,
recently presented to the New York Academy of Sciences,
refers to moresnetite containing iron combined with some or-
ganic acid. Forster § conjectures that the color of smoky
quartz is due to the presence of an organic substance coutain-
ing carbon and nitrogen.
To these scattered notices may be added the small number
of minerals, mentioned in Dana's System of Mineralogy, of
which organic acids form constituents:
Whe1Vellite, calcium oxalate, occurring in small crystals on calcite.
Thierschite, another calcium oxalate, forming an opaline incrustation on
the marble of the Parthenon at Athens. Its origin is attributed to the
action of vegetation on marble.
"" Prof. S. W. Johnson in "How Crops Feed," New York. 1870.
t Geol. Canada, 1863, 5](1.
t Proc. Acnd. Kat.. Sci., Philadelpbia, 1876, p. 155.
§ l'ogg., ADD., cxliii, 173.
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Humboldiine, hydrous ferrous oxalate, forming an incrustation on brown
coal.
Sucoinite, or amber, containing 2t to 6 per cent. snccinic acid.
Mellite, or hydrous mellitate of alumina, containing over 40 per cent.
of the organic acid.
Pigotite, a salt of alumina and mudescous acid (Johnston). Formed on
granite by the action of wet vegetation.
To these belong also the peculiar minerals grouped by Dana
under the name Acid Hydrocarbons, found in peat-bogs and
in brown coal, and containing the ill-defined bodies, geoceric,
georetinic, and butyro-limnodic acids.
25. The manner in which silicates are dccomposed and
silica rendered soluble for the use of the vegetable world, has
been a subject of much investigation. Friedel and Crafts," in
their remarkable .researches on the ethers of silicic acid, and
Friedel and Ladenburg, t in a paper on silico-propionie acid,
have given a new insight into the functions of silica and its
transformations in the organic kingdom. The reading of the
latter paper before the French Academy of Sciences, June 27,
1870, excited a lively interest; the authors describe silico-pro-
pionic acid, Si C.H50.H, as a white amorphous body closely
resembling silica, insoluble in water, and soluble in hot con-
centrated potassium hydrate. This communication drew from
M. Paul 'I'henard ] a remarkable announcement with respect
to the solvent power of nitro-humic acid § on silica; he stated
in substance that the dark-colored acids of the soil consist of
a mixture of acids of the humic and nitro-humic series, which
contain a notable amount of silica, the amount varying from
7.5 to 24 per cent.: and he conjectures that acids of the
"nitro-humic series form spontaneously in the soil at the
expense of the humic acid, the ammonia of rain-water, nitro-
gen of the air, and of the silica pre-existing in the soil.'
Dr. J. S. .Newberry, in a private communication to the
writer, describes the peculiar manner in which quartz pebbles
• Bull. soc. chlm., V, 174, 238 (1863).
t Comptes Rendus, LXX, 1407.
t Comptes Rendns, LXX, 1412.
S In translating H acide azhumique " by tbe term II nitro-humic acld," we follow
custom, but we are or the opinion that II azo-humic acid " would be more correct, aincethe
word H nitro-humic" implies the existence of a II nitro" radical, N02 •
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found at Keyport, N. J., in a clay ver,Y rich in carbonaceous
matters, are eroded. All the sharp angles on these pebbles
have been rounded, and the surfaces are more or less deeply
pitted, as if by some solvent. He has also observed other
phenomena of similar character, which he conjectures should
be ascribed to the action of organic acids,
These references would be incomplete without mention of
the generalizations of Prof. Henry Wurtz, whose "Scheme of
the Geogonic Migrations of Silica throughout the Kingdoms
of Life," '" shows thoughtful study and novel views.
Taken as a whole, the information respecting the part
played by organic acids in the changes taking place on the
earth's surface, is but small: are we not justified in the belief
that some of the reactions disclosed by our researches may in
the hands of chemical geologists furnish material for general-
izations of 110 small value ~
Finally, we are conscious of having treated but a very
small number of minerals, compared with those which remain
to be studied; our aim has been to place the methods of
examination on record, rather than to exhaust the resources
of mineralogy.
We take pleasure in acknowledging the services of 1\11'.
Edward W. Martin, a student ill the Chemical Course at the
School of Mines, who has kindly assisted us ill a portion of
these researches.
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